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Chapter 1 reports the investigation of the cascade hole transfer in nanostructured 
BiVO4/TiO2 that is surface-modified with ruthenium dye and porphyrin co-catalyst 
molecules, which improves the photo-induced water oxidation performance of the 
semiconductor. The photoelectrochemical (PEC) devices composed of TiO2-coated BiVO4 
photoanode that is surface-modified with [Ru(bipyP)(dtbb)2]2+ or Rutbipy, where bipyP 
= 2,2'-bipyridine-4,4'-diphosphonic acid and dtbb = 4,4'-di-tert-butyl-2,2'-bipyridine, and 
with water oxidation co-catalyst copper(II) meso-tetra(4-carboxyphenyl)porphyrin or 
CuTCPP was fabricated for the first time. The PEC performance of the devices in the 
presence and absence of the dye and the co-catalyst molecules was evaluated to reveal 
the cascade hole transfer from BiVO4 to Rutbipy and to CuTCPP. The photocurrent, 
oxygen production and TOF of the combination between Rutbipy and co-catalyst 
(BiVO4/TiO2/Rutbipy-CuTCPP) were found to be twice that produced by the co-catalyst 
only (BiVO4/TiO2/CuTCPP). The time-course spectral observation during the 
photoelectrochemical experiment for the BiVO4/TiO2/Rutbipy photoanode system 
reveals the accumulation of Ru3+ species on the surface of TiO2, which occurs via the 
hole transfer from BiVO4 to Rutbipy. In a TiO2-only investigation, the PEC 
performance of TiO2/Rutbipy-CuTCPP increases by two-fold in comparison with 
TiO2/CuTCPP, which indicates the hole transfer from Ru3+ (formed via photoexcitation 
and electron injection) to CuTCPP. The experimental evidence and energetic data 
including the possible hole-hopping route clarify the cascade hole transfer phenomenon 
that improves the PEC performance of the photoanode. This finding provides a new 
insight into the manipulating factors that can enhance the PEC performance of BiVO4, 
which will be useful for the future application of PEC water splitting devices using the 
low-cost semiconductor material. This result was recently published in Inorg. Chim. 
Acta, 2020, 500, 119223.  
 
Chapter 2 is focused on the photo-electrochemistry studies of light-responsive 
ruthenium complexes on ITO nanoparticle surface. This chapter reports the 
photochemistry and photo- electrochemistry of mononuclear complex 
[Ru(terpy)(Me2bipy)(Cl)]+ (1) and the dinuclear complex [{Ru(terpy)Cl}2(bb5)]2+ (2) in 
neutral pH. The coordination chemistry of 1-Cl and 2-Cl features a typical complex’s 
lability due to the presence of labile chlorido ligand, which can be replaced by other 
stronger ligands, including aqua. Complexes 1-H2O and 2-H2O were generated in situ 
by irradiating 1-Cl and 2-Cl solutions, respectively. The photolysis experiment in the 
presence of 2-H2O displays a distinctive increase in the photocurrent compared to 
1-H2O. The striking difference in the photocurrent profile of 2-H2O suggests a 
photo-induced process occurring on the surface of nanoITO triggered exclusively by the 
dinuclear 2-H2O. Electrochemical, spectrocelectrochemical, IPCE, XPS and SEM data 
clarify the selective photo-electrochemical enhancement by the dinuclear 2-H2O on 
nanoITO surface. This project is nearly complete and a manuscript for publication has 
been drafted.  
 
Chapter 3 deals with the detailed investigation of the relationship between the hole 
mobility and the PEC performance of the multicomponent BiVO4/TiO2/dye-co-catalyst 
system. The family of ruthenium and organic dyes will be used to clarify the 
relationship between their hole mobility and/or oxidation strength with the cascade hole 
transfer performance in the surface-modified semiconductor materials. This on-going 
investigation includes the electrochemistry, photoelectrochemistry, IPCE, SEM and XPS 
studies to reveal the hole mobility-PEC performance relationship for the first time in 
the molecule-functionalized semiconductor systems. 
